To establish whether colonisation of the upper respiratory tract or bacterial contamination of inhaler devices or solutions predisposes to colonisation of the lower respiraory tract in patients with cystic fibrosis, bacterial isolates from groups of children who were positive (n= 13) or negative (n= 18) for Pseudomonas aeruginosa were studied. Cultures of swabs from inhaler devices, toothbrushes, and upper airways were compared with cough swabs or sputum cultures. No pathogens were obtained from inhaler equipment administering unit dose medications. Upper airway carriage of Staphylococcus aureus and Haemophilus influenzae was identified in both groups but correlated poorly with sputum isolates. P aeruginosa was found only in the upper respiratory tract of children with established colonisation of the lower airways. No P aeruginosa isolates were obtained from the upper airways of the group with negative sputum, including one patient who became colonised by P aeruginosa during the study.
The upper respiratory tract has a normal flora that varies with time and includes some of the pathogens associated with cystic fibrosis, although there are species differences-for example, capsulate or non-capsulate Haemophilus influenzae. ' Pseudomonas spp may also be part of the normal upper airways' flora in both normal subjects and patients with cystic fibrosis.2 It has been suggested that, in cystic fibrosis, colonisation of the upper respiratory tract may precede spread to the lower airways.'
Once established in the lungs the organism is extremely difficult to eradicate, therefore treating the infection at an early stage, possibly when it is confined to the upper airways, is an attractive proposition.
Many children with cystic fibrosis also use inhaled treatment. Shortly after the introduction of nebulisers, an increase of necrotising Gram negative pneumonias was noted in normal patients. 4 Gram negative organisms, in particular Pseudomonas spp were also found in nebuliser reservoirs and solutions.5 6 Therefore we considered it appropriate to investigate the upper respiratory tract flora in children with cystic fibrosis to determine whether colonisation of the upper airways with Pseudomonas aeruginosa could be identified before sputum conversion and to examine inhaler equipment for contamination by pathogenic organisms.
Patients and methods Chronic colonisation by P aeruginosa was identified in 29 (40%) of the 73 children attending the cystic fibrosis clinic at Sheffield Children's Hospital. Thirteen consecutive clinic attenders in this group were studied (patients with positive sputum). Of the remainder, 18 , from whom P aeruginosa had never been grown (patients with negative sputum) also agreed to participate in the study. At a monthly clinic visit dry swabs were collected from the anterior and posterior nasal space and the back of tongue. After physiotherapy a sputum sample or cough swab, or both, was taken as appropriate. Parents were requested by letter to bring nebulisers, Spinhalers (Fisons), Rotahalers (Allen and Hanburys), jet inhalers, and toothbrushes with them to the clinic. Swabs were taken from these devices for bacteriological culture. Media used were blood agar incubated in air plus 5% carbon dioxide, heated blood agar with a bacitracin disk (8 ,tg) 
Results
Results were recorded as shown in table 1. The recovery of the major bacterial pathogens for both groups is summarised in table 2. As expected the children in the group negative for P aeruginosa were younger (mean age 8-3 years, range 3-3-14-6) with minimal or non-productive cough compared with the patients who were positive (mean age 11 9 years, range 6 5-17-5). Sputum cultures were often difficult to obtain Komiyama et al3 who were able to obtain positive cultures from the oral cavity in cystic fibrosis sufferers. Komiyama et al also obtained growths from dental plaque but P aeruginosa was not isolated from this site by Lindemann et al. As the mean age in the former study was 19 years and in the latter was 13-5 years, it is likely that many if not all of the cystic fibrosis subjects studied had chronic P aeruginosa lung colonisation. The importance of positive cultures from the oral cavity in such patients is therefore uncertain. Neither study purports to have examined children before they became sputum positive. Iacocca Manchester 1988) . '4 The possibility that bacterial contamination of inhalation equipment may occur and act as an infectious reservoir was also explored. Aerosol solutions are frequently used in cystic fibrosis to administer bronchodilators and mucolytics before physiotherapy. Nebulised broad spectrum antibiotics are widely employed to reduce both the frequency of relapse in established P aeruginosa infection and to prevent the progression from colonisation to infection. 14 Microbial contamination of nebuliser treatment equipment has, however, been observed with both home and hospital usage.5 6 15 16 Studies suggest that contamination is most likely with multiple dose solutions rather than unit dose medications. However, both bronchodilator and antibiotic solutions can be affected; the presence of bacteriostatic agents in the drug solutions appears protective. Studies of equipment from patients with asthma or chronic obstructive airways disease have usually yielded environmental organisms, however Pseudomonas spp were found in 8-54%, the latter higher figure occurring in a burns unit. 7 The lack of positive cultures from inhalation equipment in this study reflects the use of single dose medications. Multiple dose aerosols were given only as nasal sprays. Three of the study population used these devices, one of which showed contamination with S aureus; this child also had nasal carriage. Although little can be drawn from such a small sample, the limited ability to clean adequately such multidose systems should be considered. We could find no evidence to implicate aqueous sprays from toothbrushes as a source of infection.
Overall we have shown a poor correlation between upper airways carriage of bacteria and sputum positivity. There was a good correlation between sputum positivity and isolation of pathogens from cough swabs, however, confirming the appropriateness of this technique in young children unable to produce sputum voluntarily. We have found no evidence to suggest that colonisation of the upper airways, particularly with P aeruginosa, precedes lower respiratory tract invasion. Therefore, prophylaxis to prevent this colonisation would seem inappropriate until a longitudinal study establishes a link between the two events. With <5% of patients with cystic fibrosis becoming positive for P aeruginosa each year, a multicentre study would appear necessary. As the floor of the nose shows the same abnormality of ion transport as the lungs in cystic fibrosis,'8 the lack of colonisation suggests that local epithelial factors do not predispose to chronic infection.
